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(54) Fluid flow control valve assembly 

(57) A fluid flow control valve assembly includes a 
first valve (79) having a maximum flow rate, at least 
equal to the maximum flow rate required, connected in 
parallel to a number of further valves (65, 56, 67, 68) of 
lesser flow rates to allow flow rate to be chosen by 
selective operation of the further valves. The assembly 
is of sandwich construction including a number of non- 
ferrous foil lamellae (66, 63, 71) and spacer lamellae 
(60, 62, 70). Each valve has a valve seat and a valve 
member, both of which are provided on the foil lamellae. 
Chambers are bounded by the spacer lamellae and 
separated by the foil lamellae. The movable valve mem- 
bers (79, 65, 56, 67, 68) carry armatures so as to be 
movable by externally applied magnetic flux. 
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Description 

[0001] This invention concerns fluid flow control valve 
assemblies, for controlling the flow of fluid under pres- 
sure from an inlet to an outlet. 
[0002] For those instances in which the fluid is a fuel 
e.g. propane or butane, for an appliance, e.g. a caravan 
space heater or water heater, there are a multiplicity of 
pertinent regulations which stipulate requirements con- 
cerning shut-off time, resistance to overpressures and 
back pressures, overheating, combustibility etc. and 
there are an equal number of commercial requirements 
especially those relating to cost, size mass and control- 
lability. 

[0003] In order to meet the regulatory requirements, it 
has hitherto been necessary to engineer and combine 
together in a compound unit or to install in series two dif- 
ferent forms of flow control valve assembly, e.g. an 
on/off valve and a flow modulating valve such as a nee- 
dle valve, which valves can be engineered from materi- 
als and with sufficient precision to meet these 
requirements. However, the cost of such compound 
units and the installed cost of series of valves is consid- 
erable as are the sizes and masses. Furthermore, the 
energy levels for controlling such valves can be high in 
the context of the available battery power in a caravan 
and other mobile or free standing applications. 
[0004] In order to solve the problems of meeting the 
regulatory requirements and the commercial require- 
ments simultaneously, the present invention provides a 
fluid flow control valve assembly comprising a plurality 
of valves, each having a valve seat and a movable valve 
member, in a body provided with an inlet and an outlet, 
which is characterised in that: 

a) the body is of sandwich construction comprising 
a plurality of non-ferrous foil lamellae and a plurality 
of thicker spacer lamellae, 

b) the valve seats and valve members are formed in 
or provided on the foil lamellae, 

c) chambers are bounded by the spacer lamellae 
and are separated by the foil lamellae, 

d) the movable valve members carry armatures so 
as to be movable by externally applied magnetic 
flux. 

[0005] The valves preferably comprise a first valve 
having a maximum flow rate equal to, and preferably 
well in excess of, the maximum flow required (at a pre- 
determined nominal pressure) and at least two further 
valves of lesser flow rates. 

[0006] In one embodiment, two further valves of lesser 
flow rates e.g. of 0.33 and 0.66 of the maximum flow 
rate, and in another embodiment four further valves of 
lesser flow rates e.g. of 0.1 , 0.2, 0.3 and 0.4 of the max- 
imum flow rate, are provided for selective actuation indi- 
vidually or in selected combination to give incremental 
modulation of the flow. 



[0007] The valve actuating magnetic flux may be pro- 
vided by manually movable permanent magnets 
mounted so as to be displaceable between valve open 
positions proximal to the body and valve closed posi- 

5 tions spaced from the body. 

[0008] However, the valve assembly is particularly 
suitable for electromagnetic control by means of individ- 
ually energisable coils or solenoids mounted on or in 
abutment with the body. 

10 [0009] The foil lamellae are preferably foils of the hard 
resiliency flexible material e.g. phosphor bronze or non- 
magnetic stainless steel. The valve seats are preferably 
the surfaces of one of the foils, which surround fixed 
diameter openings in that one of the foils. The movable 

is valve members preferably comprise spring tongues 
formed from the other one of the foils and valve heads 
of a compressible rubber or plastics material mounted 
on the spring tongues or on the armatures carried by 
the spring tongues. 

so [0010] The spacer lamellae preferably provide parti- 
tions which can be cut away to connect a plurality of 
chambers together. Preferably, at least two of said 
chambers serve as common manifolds for the further 
valves. The spacer lamellae are preferably formed from 

25 a hard durable material, such as aluminium. 

[0011] One of said foils preferably provides a filter 
mesh between one of said chambers, namely an inlet 
chamber, and another of said chambers, namely a feed 
chamber for the first valve. 

30 [0012] The valve assembly and solenoids may be 
mounted on a a printed circuit board carrying control cir- 
cuitry for energisation of the solenoids. 
[C01 3] The valves are preferably arranged so that they 
tend to be held closed by the tongues and/or by the 

35 applied pressure of the fluid. 

[0014] The tongues may be simple elongate blades or 
leaves, but each armature is preferably carried by a pair 
of M or W shaped tongues so as to be maintained in a 
plane parallel to the plane of the foil. 

40 [001 5] Assemblies according to the present invention 
confer considerable advantage over prior art arrange- 
ments. A particular advantage is the considerable 
recharged power consumption compared to known 
arrangements: typically of the order of milliwatts. This 

45 makes assemblies according to the invention particu- 
larly useful for use in mobile and free standing appli- 
ances, where dry batteries may be employed, and other 
installations where it is undesirable or inconvenient to 
use a mains power supply. 

so [001 6] The invention will be described further, by way 
of example, with reference to the accompanying dia- 
grammatic drawings, wherein:- 

FIGURE 1 shows a perspective view of a fluid flow 
55 control valve assembly according to the invention; 

FIGURE 2 shows a longitudinal sectional diagram 
of the valve assembly of FIGURE 1 taken along the 
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line B-B of FIGURE 1; 

FIGURE 3 shows a transverse cross-sectional view 
of the assembly of FIGURE 1 taken along the line 
A-A of FIGURE 1; 

FIGURE 4a to 4i show respectively plan views of 
the lamellae of the valve assembly of FIGURES 1 
and 2; 

FIGURE 5 shows a detail of one valve of the 
assembly of FIGURES 1 to 4 in enlarged view; 

FIGURE 6 shows two perspective views of the 
valve seat of FIGURE 5; 

FIGURE 7 shows a detail of a rivet of the assembly 
of FIGURES 1 to 4 in enlarged view; 

FIGURE 8 shows an exploded perspective view 
from above of a second embodiment of a valve 
assembly; 

FIGURE 9 shows a partially exploded perspective 
view from underneath of the embodiment illustrated 
in FIGURE 8; and 

FIGURE 10 shows a perspective view of a spring 
tongue. 

[0017] Referring to FIGURES 1 to 7 (in which the 
same reference numerals are used throughout to iden- 
tify corresponding components of the assembly), the 
valve assembly has a body 10 of sandwich construction 
comprising a plurality of lamellae clamped together by 
rivets 1 1 , although other fasteners such as threaded 
fasteners or spring clips could be employed. The inter- 
face joints between the lamellae are sealed. 
[001 8] The lamellae include a first valve plate 1 3, first 
valve foil (flange plate) 14, a second valve plate 
(inlet/outlet spacer) 15, a second valve foil (valve port 
foil) 16, a third valve plate (valve spacer (17), a third 
valve foil (spring plate 18). a fourth valve plate (feed 
manifold spacer) 19, a fourth valve foil plate (feed man- 
ifold spacer) 19, a fourth valve foil (backplate) 20 and a 
final spacer 21. 

[001 9] In association with the lamellae are three sole- 
noids 1 , 2 and 3 which extend between the backplate 20 
(through the spacer 21) and three coil supports 4, 
secured to the backplate 21 . A further, floating, coil sup- 
port 5 is also provided, it is spaced from the coil support 
4 by way of a layer of foam material 6. 
[0020] The first valve plate 13 and flange plate 14 
include a gas inlet 25 and a gas outlet 26. The inlet/out- 
let spacer 15 comprises a short e.g. 4 mm slice of a hol- 
low aluminium extrusion providing four internal webs 30, 
31 , 32 and 33 of which in the spacer 15 only the webs 
30 and 32 are left intact. 



[0021 ] The valve port foil 1 6 is formed from a sheet of 
phosphor bronze e.g. by etching to provide a mesh grid 
or filter structure 27, an inlet valve opening 28, a transfer 
port opening 29, and two progressively graduated 

5 metering valve openings 34 and 35. The valve spacer 
17 is a second slice of the extrusion with a single inter- 
nal web 36 left intact. The spring plate 18 is formed from 
the same sheet material and by the same means as the 
foil 16 so as to provide a series of spring tongues 44, 45 

w and 46 each of which carries an elastomeric valve 
member 39, 36, 37 on the side facing the foil 16 and a 
ferromagnetic armature 40 on the side facing the back- 
plate 20. The valve member 37 is retained by way of an 
armature stud 38 which passes through the spring plate 

75 18. 

[0022] Opposite ends of each spring tongue 44, 45, 
46 are secured with rivets 47 to the feed manifold 
spacer 19. This is shown in detail in FIGURE 8. 
[0023] The feed manifold spacer 19 is a further slice 

20 of the aluminium extrusion with all the webs intact. The 
backplate 20 is formed from the same sheet material as 
are the foils 16 and 18. The final spacer 21 is formed 
from a slice of another aluminium extrusion. 
[0024] When the lamellae are clamped together to 

25 form the body 10, the valve plate 13, flange plate 14, 
extrusion 15 and foil 16 together define an inlet cham- 
ber 50 which extends from the inlet 25 to the filter 
screen 27, a transfer chamber 51 leading from the inlet 
valve opening 28 to the transfer port 29, and an outlet 

30 flow manifold 52 leading from the valve openings 34 and 

35 to the outlet 26. The foils 16 and 18 with the spacer 
17 therebetween define an on/off valve chamber 53, in 
which the valve member 39 is accommodated, an 
extension 54 of the transfer passage and a common 

35 valve chamber 55 which accommodates valve members 

36 and 37. The foil 18, spacer 19 and backplate 20 
define further chambers 56. 

[0025] Each valve member 39, 36 and 37 is ol greater 
diameter than its respective valve opening 28, 34 and 

40 35 so that the surrounding portion of the surface of the 
foil 16 serves as a seat with which the valve member 39 
is normally held in sealing abutment by a bias provided 
by its spring tongue and any pressure in the chamber 53 
or 55 which is in excess of the pressure in the passage 

45 51 or manifold 52. 

[0026] Sealing gaskets or coatings on the confronting 
surfaces of the lamellae and structural formations to 
give the necessary rigidity to the lamellae are not 
shown. 

so [0027] The backplate 20 is preferably of the same 
material as the foils so as to be of minimum thickness to 
minimise the distances between the cores of the sole- 
noids 1 , 2 and 3 and their respective armatures 40. The 
backplate 19 also provides a stop to limit movement of 

55 the yokes 40 and thus the opening movements of the 
valve members 39. It will also be appreciated that the 
spring tongue 44 with its valve member 39 and yoke 40 
together with the inlet valve opening 28 form an inlet 
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valve; and that the spring tongues 45 and 46 together 
with their respective valve members, armatures and 
valve openings 34 and 35 form a series of two further 
valves selectively energisable by the solenoids. The 
openings 34 and 35 are graduated so as to respectively 5 
pass 0.33 and 0.56 of the amount of fluid which can 
pass through the port or opening 28 at the same fluid 
pressure. 

[0028] Thus, from the foregoing it will be appreciated 
that fluid entering the valve assembly 10 through inlet 10 
25 is directed through filter mesh 27 into chamber 53. 
The flow of the fluid is then interrupted by the on/off 
valve formed by opening 28 and valve member 39 which 
is normally kept in sealing contact with opening 28 by 
action of the spring plate 18. 15 
[0029] To allow gas to flow through the assembly sole- 
noid 1 , and one of either solenoids 2 or 3, must be ener- 
gized. 

[0030] When solenoid 1 is energized armature 40 is 
drawn towards the solenoid 1 , pulling the valve member 20 
30 away from the opening 28. The spring tongue 46 is 
generally M-shaped and allows the armature 40 to 
move towards the solenoid 1 with a parallel motion. 
Fluid can then flow through opening 28 and 29 and into 
chamber 55. Flow from chamber 55 is via the further 25 
valves, formed by openings 34 and 35 and their respec- 
tive valve members 35 and 37 to chamber 52 and hence 
to the outlet 26. The rate of flow through the assembly 
depends upon whether solenoids 2 or 3 or both are 
energized. Energizing one solenoid allows 0.33 of the 30 
maximum flow of fluid to pass, energizing the other, 
0.66 to pass, and energizing both, the maximum flow to 
pass. 

[0031 ] An alternative valve assembly having a greater 
number of valves e.g. one on/off valve and four further 35 
valves is preferably arranged so that a progressive vari- 
ation of the fluid flow can be achieved by selective ener- 
gisation of the further valves e.g. if four further valves 
are provided with four valve ports should be graduated 
to respectively pass 0.1, 0.2, 0.3, 0.4 of the amount of 40 
fluid which can pass through the on/off valve port at the 
same fluid pressure. 

[0032] Such an alternative assembly is shown in FIG- 
URES 8 and 9. Referring to FIGURES 8 and 9 the 
assembly comprises a number of lamellae. Particularly 45 
it comprises a flange plate 60, valve port foil 61, valve 
spacer 62, spring plate 63, five valve members 64 to 68 
including rubber tipped sealing pads 69. a feed manifold 
spacer 70 and a backplate 71. 

[0033] In use the lamellae are held in sealing contact so 
with each other by rivets 72, as shown in FIGURE 9. 
[0034] Some of the spacer lamellae include flanged 
projecting feet 73 to engage in slots 74 to locate the 
body of the assembly on a printed circuit board 75 which 
carries mountings 76 fa a number of valve energizing 55 
solenoids 77, identified by suffix letters a to e. 
[0035] Each solenoid is associated with a valve of the 
assembly. Solenoid 77a is associated with the on/off 



valve and solenoids 77b to 77e with the four flow control 
valves. 

[0036] The operation of this embodiment is similar to 
that of the first embodiment illustrated in FIGURES 1 to 
7. Fluid is admitted through an inlet 78 in the flange 
plate, from which it flows through a mesh in the valve 
port foil 61 to the on/off valve which is closed by rubber 
tip 79, and held in the closed position by action of the 
spring plate 63. To allow a flow of gas pass through the 
assembly the on/off valve is opened by activating sole- 
noid 77a which allows gas to flow to each of the further 
valves which are graduated to allow passage of 0. 1 , 0.2, 
0.3 and 0.4 of the amount of gas which can pass 
through the on/off valve. Selective operation of the sole- 
noids therefore allows the amount of gas flowing 
through the valve to be controlled between 0.1 and the 
full amount which can pass through the on/off valve, in 

0. 1 increments. 

[0037] From the flow control valves gas flows to the 
outlet 80. 

[0038] The invention is not confined to details of the 
foregoing examples and many variations are possible 
within the scope of the invention. For example the 
spring tongues could be of simple straight blade form or 
each armature could be carried at opposite ends by 
spring tongues of M or W shape which ensure that the 
armature has a parallel motion when moved by its sole- 
noid. 

[0039] A perspective view of a spring tongue similar, 
but not identical, to those of the assemblies illustrated in 
FIGURES 1 to 9, is shown in FIGURE 10. 
[0040] Furthermore the valve member 39 need not be 
as shown but could be a thick planar body, adhered to 
the spring tongue, as shown in FIGURE 10, instead of 
being anchored to the armature 40 via a port extending 
through an aperture. 

Claims 

1. A fluid flow control valve assembly comprising a 
plurality of valves, each having a valve seat and a 
movable valve member, in a body provided with an 
inlet and an outlet, which is characterized in that: 

(a) the body is of sandwich construction com- 
prising a plurality of non-ferrous foil lamellae 
and a plurality of thicker spacer lamellae, 

(b) the valve seats and valve members are 
formed in or provided on the foil lamellae, 

(c) chambers are bounded by the spacer lamel- 
lae and are separated by the foil lamellae, and 

(d) the movable valve members carry arma- 
tures so at to be movable by externally applied 
magnetic flux. 

2. A fluid flow control valve assembly according to 
Claim 1 , wherein the valves comprise a first valve 
having a maximum flow rate at least equal to the 
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maximum flow required (at a predetermined nomi- 
nal pressure) and at least two further valves of 
lesser flow rates. 

3. A fluid flow control valve assembly according to 
Claim 2, wherein two further valves of 0.33 and 
0.66 of the maximum flow rate are provided. 

4. A fluid flow control valve assembly according to any 
preceding claim further comprising individually 
energisable solenoids mounted on or in abutment 
with the body 

5. A fluid flow control valve assembly according to any 
preceding claim, wherein the foil lamellae comprise 
foils of phosphor bronze or non-magnetic stainless 
steel. 

6. A fluid flow control valve assembly according to any 
preceding claim, wherein the valve seats are 
formed by the surfaces of one of the foils, which 
surround openings in that one of the foils. 

7. A fluid flow control valve assembly according to any 
preceding claim, wherein the movable valve mem- 
bers comprise spring tongues formed from the 
other one of the foils and valve heads of a com- 
pressible rubber or plastics material mounted on 
the spring tongues or on the armatures carried by 
the spring tongues. 

8. A fluid flow control valve assembly according to any 
preceding claim, wherein the spacer lamellae pro- 
vide partitions which can be cut away to connect a 
plurality of chambers together. 

9. A fluid flow control valve assembly according to any 
preceding claim, wherein the spacer lamellae are 
formed from aluminium. 

1 0. A fluid flow control valve assembly according to any 
preceding claim, wherein one of said foils provides 
a filter mesh between one of said chambers and 
another of said chambers. 

11. A fluid flow control valve assembly according to 
Claim 7, wherein the valves are arranged so that 
they tend to be held closed by the tongues and/or 
by the applied pressure of the fluid. 

12. A fluid flow control valve assembly according to 
Claim 7 or any of Claims 8 to 11 when appendant, 
directly or indirectly, to Claim 7 wherein each arma- 
ture is carried by a pair of M or W shaped tongues. 

13. A fluid flow control valve assembly according to 
Claim 7 or any of Claims 8 to 12 when appendant, 
directly or indirectly, to Claim 7 wherein the spring 



tongues are arranged so that the armature has a 
parallel motion when moved by a magnetic flux. 
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(54) Fluid flow control valve assembly 

(57) A fluid flow control valve assembly includes a 
first valve (79) having a maximum flow rate, at least 
equal to the maximum flow rate required, connected in 
parallel to a number of further valves (65, 66, 67, 68) of 
lesser flow rates to allow flow rate to be chosen by 
selective operation of the further valves. The assembly 
is of sandwich construction including a number of non- 
ferrous foil lamellae (66, 63, 71) and spacer lamellae 
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(60, 62, 70). Each valve has a valve seat and a valve 
member, both of which are provided on the foil lamellae. 
Chambers are bounded by the spacer lamellae and 
separated by the foil lamellae. The movable valve mem- 
bers (79. 65, 66, 67, 68) carry armatures so as to be 
movable by externally applied magnetic flux. 
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